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1. INTRODUCTION

The VI$-AD system was des/•nod as an
algorithm development system, enabling sc/emim W

visualize the results of experiments with their data analysis
algorithms. However, VIS-AD could also become • very
powerful data management system. VIS-AD provides •

programming language similar to C for expressing
sc/ent/fic algorithms. The language pro_des •

forusers to define convex data types for thedataobjecm

of the/r -Ig_. Data typ_ can be deFm_l for/mage_

nndomly !o_1 dm_ _ dm ,u_ as
lines, and v/r_y any other data s_'ucmn_ reed in e_urth
science. Furthermore, VIS-AD m_mges all these a.,.

types in • uniform way, and provides _ to data

form the basis for • new way to manage eav/ronmental
data.

2. DATA TYPES

VIS-AD enables/isuse_ tode_ne datatypesfar
thedataobjec_ofalgorithms,asfollows.DefineT asthe

setof typesfor the dataobjecm in an alg_ Itis

common for a programming language to define a setof

primitive types (e.g. /nt, real), and to define a set,of type
comnn_tor, for bu/ldi_ _ types in T from theIn_m_'vo
type.. We modify _ by im_qx_Rg a fi-it_ set $ of ,cal, r

q_* be_een T and _o l_z_h_ types. W® d_me the
pr/m/t/ve type, u:

where real2d and rml3d are In_ and triples of real
numbers. The use_del'mesa _n/tese/$ of scalartypes,

and binds them to the primitivetypes by a function

P.S-_PRI_4. An _ setT oftypescan be &fined

from S by:

$c7

(for/=l ..... n.§ _7)_(t 1..... tm)_r

(a _5 ^t ET) =_(s-, t) _T

where (tI ..... t.) is • tuplz type ¢omCuctor w/_ dement

type. t,. and (s-. t) is an array type conm_ctor with value

type t and index type s.

The important consequence of the use of scalar
types is d_t every pr/m/five value., including an array index

value, occurring in • data object of type I "_, has • scalar
type in $. The nam_ of primitive value,are • form of

ancillary information, and the scalar types are • way of
requiringthe userto supply this ancillary inforrna_onwith

data objecm. Thz VIS-AD system uses thisancilhu'y
inform_on to inteIfigenfly generate graphical depi_om of
data obje_, but it may also be u_ful for supporting other
intelligent data management fimct/om.

3. EXAMPLES OF DATA TYPES

The VIS-AD systemprovides• ,_ple syntaxfor

datatypedefinitions.We offerexamplesfrom analgorithm

ford_,cr/minalingcloudsinGOES images.The following

are examples of how the user defines scalar types in S and
theK,ac//onP:S _ PRDJ:

type brigh_ = real;

ty__u_ = real;
type esr__lor_ion - re_2d;

ty_l_ = real;
_ _ - int;

Here bri&htn_ss and temperature are the vi_'ble and
mfrarod nu_zoz values of _ in _ im_es,
ear_ _a_on is • pair of vah_s for the la_de and

_ mb-imW, em is an i_,.x _ _
sequem_ and cm_ is used for lf_)gnnn.

T_ fonaw_ m _,l_ of how _ u_r
de[_m OOl_]_ _ ;n T (If_o k_,,_/word .t_ruct_rt is usod

to_ themple co,wa_a_):.

array [earth..Ioc_ion]of

muctuns{

.vimr_ir= _;

.vi.__v_- brigham,;
};

type vimr_se¢_sequence = array [t/me] of vim- _t;

typehistogram= array [temperature] ofcount;
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type histogram_set -

array [image_region] of
st3-ucture (

.hist location = earth_location;

.hist_lfistogram ffi hbtooam;
};

Data objects of type _'_/.,nage axe two-dimensiond
images of temperature and brighmess values, indexed by

earth location values. The cloud discrimination algorithm
partitions images into regions, and • data object of type

v/s/r_set is an image with partitions indexed by
image region values. A data object of type

vixir set sequence is • dine sequence of partitioned images.
A histogram data object attaches a frequency count to • set
of temperature values, and • histogrwnjet objcgt contains

a hiJtogram and an earth_loca_n value for each

image region value.
definitions cm be used to attach ancilluy

values to data objects. For example, the following type
de_n6ons provide • way to a_tach • seuor name, • sateI_m

rob-point, and • table of errors as • function of
temperature, to each image in a time sequence:

type __.uor mune = string;
type tins_error = real;

type visit_sequence =
array [time] of

structure

.vssensor = sensor.name;

.vs_sub po/m = earth, location;

.vs_error ffi array [temperature] of rms_error;

.vs_visir = visit image;

4. DATA OBJECTS

Define D(t) as the set of data objecta of • type
t eT, somefmes called the "domain" of a data type. "l_e
domains of w, ahur typm are detenaiaed hem the domaim

of their primievetype., by D_)=D(_)). The domm of
e_e primitivetype intis the union of • Kt of finite

donmim, each aa interval of integers, as follows:

D(int_, s) = {kli < k < j}

D(int) = {missing} u Ui _;j D( inti,s)

where i, j and k are integers and the m/s._g value indicates
the lack of information (the use of spe_d "missing data"
codes is common in remote sensing dgorithm). The

domain of the primitive type tea/is the union of • set of
fitute sub-domains, each • set of ludf-cpen intervals, as
follows:

D(realfj.j.,) = {L[(k / 2R).f ((k + l) / 2"))1i< k <j}

D(,_I) = {_ming} uUf G_dU, _ S.,_oD(reai/.,.s..)

where i, j, k and n are integers and Fld is • set of
in=cuing ccaimmm bijeeeom from R (the set of real
numbers) to R; the fuuugtfiomin Fld provide non-uniform

tmpltng of rmi value,. The doma_ D(real2d),
D(rta/3d) and OOmring)are _larly defined as the unions
of finite wb-domim.

D((s_t)) is defined as the union of • set of

function spaces, razher than as the single space of func_ons
DO) to D(t), as follows:

D(O-+ 0) = {mL_g} u U,,,_(DO__.) -_ D(t))

where subs ranges over the finite mb-domahu of the scalar

domain DO), and (DO_,.)-+ D(r)) deao_ me _ of .n

fuaetiom fzem the set DOmtt) to the metD(t). Every array

object in D((:--_t)) ooutains a finiteNt of valuesfi_m

D(O, indexed by values from one of the finite sub-dmmim

of Vg).
The domaim of tuple type, are defined by:

/X(tl,...,t,)) = {,,_} _ D(fi)x... xD0,,)

Each domain O(t) ha, • lattice structure, wieh e_e

m/u/rig vah_ as its leut elemeet. ]_se haif-opea intervab

in D(rea/) are q_o_tiom to value, in It aad are
_kved by the inve_ of _t indusiou; that is, in the lauice
stomate, an in_rval is "M_" than its sub-intervals.

v_, in D(n_d) andD(n_U) fore similar_
are al,proximatiomto values in Ra and Rs. The lat_e

smgturecan beextendedtoarrayand tupletypes.

de£m_m o_ may doemim m umimm of funetioa qpaom,

provide s faru_ tmb for tempmiag m',y dm objem
who_ ind_es haw _ types real, real2d or realJd
_ f_te mvtiap of fua_k_ oveg it. Ira ot it s.
enml_ t -_dgt_ ilm_ il 8 fttJe sampling of a

language_'_ tebe indued by tin/,rm/2d and

rm/M valuta.Navigaem (emh alignmmt)and _n

(radianm eemaliza_u) fer melIite image_ can be

impteazaed by _ deSaed mb-domsim of
D(rea/2d) and D(rm0_ to that raw satellite imagea can be
accessed _ in tram of latitude, longitude md

l'aydcal varid_ range owt infinite _ of
valu_ inch as the Jet it o_ real mmbe_. However,

vaka_ mustbe stm_ inmmptm=_ udng a finitenumberof

bits,and erosare _ t_rangeover finitesetsof

value_ inch as fl_ set of 32-b_t floating point mmsbers.
Theae are finite samplinp of _ vMue sere. Inmost

programming languages, thefinitesamplingsforvariables
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aredeterminedby thetypeof• variable(forexample,r_a/

or doub/einQ. In theVIS-AD programming language,

however, thefimtesamplingsare apecifiedaspartof the

dataobject.A w.ahtrdomainD(j) isa unionof a setof

finite_b-damai_, andeachsub-domalnis• diHerentfinite

samplingof the infm_ setthatis the eomple_on of the
la_e D(s) (forexample,R isthecompletionofD(rea/)).

The pixellocationsin • satelliteimage form •

finite sampling of an infinite act of points on the earth. Iris
usual to store image data as arrays. Since arrays indices

are identified as scalar typ_ in VIS-AD, and since the
finitesamplingof thean-ayindex is part of an arraydata

object, the navigation information for the asteU_ image is

partof theimage dataebjecL Sire/lady the256 radiance

values of an 8-bit pixel are • finite sampling of
temperatures, so the _on inforn_on for • aste_ite

image is also part of the image data object. Thus the
domains for VIS-AD data objects provide • uniform way to

manage these ancilLt_ information its part of the data

objects themselves.
One simple consequence of the VIS-AD data

domain smJc_-e is support for variable length arrays.
That is, the _ of agra3ns are net fixed in their

declarations, bet may vary. 1"nus arrays can be m_d to
model list stmctores. !_ example, a map bounda:y can be

defu_d with the following data types:

type rap_boundary =
array t_t_index] of e,__k_ioe;

A map_bou_ry data object is • variable lmgth array of

earth_/ocat/on poinW. Thug, although VIS-AD does not
explicidy rapport linked data m_mee, it can easy model
_i,le list serucum=.

The VIS-AD rapport far _u/n# dam is

mo_vated by its use for managing remote sensing dam.
However, n_xing dm can also be used m • data

,m_ca,_ tool For _ a dm object _,ag*..ar*a ar
type w___ge can be used to rq, reomt an atbltrm'ly
_pod imap region _:te by _

for all values of am,zh_ mintia d_mimage regio_
Thus mviiTeim, _ and _ data

indicators can be bruit into the value* of data objeem,

variablelengtharrayscan beu_d tomodel listseru_ures,

and missingdatacan be used as • data structuringtooL

Combined withthefl_ oftypedefinitionsiIluserated

in Section4, VIS-AD providesvery powerful toolsfor

managing earth science data.

5. ACCESS TO DATA OBJECTS

The VIS-AD programming language providee •

transparent way to access the finite sampling information of

data objecL For e_mple, iffoe..,isan obje_ of type

K6r_b.af, and /_ is an object of type earthloca_n,

thenVIS-AD evaluatestheexpressiongoes[loc]as:

if/oc is outaide the range of the finite sampling of index

values of goes, then evaluate goes[loc] - missing

otherwise, resample/oc to the acutal index value/oc' of

the goes array closest to /oc, and evaluate

to_Poc/- eo,_/zo_ 7

Thus array accesses may evaluate to mb_g.

VIS-AD provide_ • transparent way to manage operatiom

on m/.t6ng values. If OP is • binary arithmedcal operator

(+, -, * or/) and m/l and m/2 are express/ore with scalar

values, then VIS-AD evtluates the expression m/l OP m12

to nu_/_g:

ifm/l = m/ss/ng or

if m/2 - mbs/n& or
ifOP == / and m/2 == 0

_ese evaluation _ make it easy to combine

data from differeut sources, with out the need to explicitly

remap one set of data to the projection of the o_ef. For

exa_le, let goes w_t and go. east be two dataobje_

of type vi6r ima&e, from the west and east GOES _ttel_tes
req,e_ely, yne ptx_ In the_e inuge, tre net co-louaed,
but the difference of these images can be calculated quite

mp_y by:

foreach 0o_ in goea wear) (

gor, westpo_] - goe, westpo_] - goes_easttlec];
};

where/oc is• dataobjectof typeearthloca_n. In,de

theforeachloop,thevalueof/ocva_e_ over allthearray

index values of the array goes_west. The values of

&oe__emt are reasmpled to the index locatiom of

foes_.v._, and the difference of these image arrays

evalmte,tom_t wherevertheydo natoverlap.

VIS-AD also wovides • simple means to access
mb-objecta of data objecta. _ example, if hset is • data

object of type _gram xt and if ret is a data object of
type knagt_region, thea the expression

h_et[reg]._t Mstogram evaluates to • dataobjectoftype

histogram.
VIS-AD includes functions for converting objects

between their internal storage formats and external formam
suitable for storage in disk files and for transmission to

other precesse8 or across computer networks. Both the
intenud and external object formats use memory efficiently.
Numerical vslum are stored as _ealed integem rather than

• - floating point humbert, and use 8-bit or 16-bit intege_

whm'ev_ lpom'bl_ The_ formm minimize use ofdi_
storageand communicatiom bandwidth. The absenceof

any floating point values eJhninates the need for converting
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data objecus between nut_ine architectures (except for

possible problems with big-endian versus smJdl-endian
machines, and nutchines th-. use non-ascii text).

6. HIGH-LEVEL FUNCTIONS

VIS-AD mq_,pom calls ta three kinds of f_nc_ons.
Internal functions are implemented in the VIS-AD

programming language, and users writing VIS-AD

programs are free to de_ as many internal functions as
theyneed. Intrinsicfunctionsare implementedaspartof

_e VIS-AD systemand shouldbe viewedby usersaspart

of the language (like the MAX function in FORTRAN).
External functions are implemented in C or FORTRAN,

and give users • way to link their exist_g programs to
VIS-AD.

The VIS-AD system includes • variety of inUhud¢
fencdons for ¢ansferring MclDAS data structures (for

example, image and grid files) into VIS-AD data objects,

and for analyzing data. We are constantly adding new
intrinsic functiom to the v/stem. Analym func6om are

currently defined for:.

• Remqqp_g two- and three-dimensional images and

i_ia,.
• Low-pass filtering one-, two- and three-dimensioml

dam.

• Calculating histogrmm of data arrays.
• F'm,fu_ chmers in histograms.

* Finding percentiles ofhbtograms.
* Selec6ng regions of arrays with values in selected

hinges.
• Booleaa openutiom on regiom of*nays.

VIS-AD external functions, written by the user in

C or FORT3tAN, provide • way for users to access data
sets stored in any format, and a way for users to link to

_eir existing ,mdysl, func6om.

7. CONCLUSION

The purpoee of this pq,er is to point out eat
VIS-AD contains many powerful functkm for managing
earth science data. l'neee include:

• An easy way for usen to define new data structures,

such as images, multi-specwal images, image

,equeac_ histograms,qnaial region,, region

boundaries, etc. "l]sese flexible data types also let

usersdefine• variety of ancillary clam as partoftheir

datatylz*.

• An ea_ way to ,ece_ data objects ted flteir mb-

componem a pmgmming langu_ aad an euy

way to write run,iota for analyzing throe data.
• Uniform mecha_m for mamgemeat of all data

structures.

A ,gecial m/s_g data _ etat cam be used for

the value of shy data object or sub-object.

A uniform medumbm for managing finite samplings

of continuous quantities, a, for example, the way that

satellite navigation and cah_ortfion finitely sample

earth locations and temperature.

A ewl way for tu_r. to write ¢2 or FORTRAN

programs for convefling data betweenVIS-AD data

objects and other systems.
A mechanism for goring data objects in disk files or

foremnsmietm"g dataobjectsacrossnetworks.

Thus, the most _ functions for managing

complex earth science data already exist in VIS-AD. In
order for VIS-AD to function as a hue data management

system, it needs to include functions for:.

Immediate mode commands. Currently, all func6oM

are called by a runn/ng VIS-AD program. Users need

• way to iavob _ ow at t time by typ/ng
oommmds.

Manag_g dataobjeotsindiakfiles.There shouldbe

eommands for mmsfee_ dataobjem between disk

files aad memo_, f_ li.enS objem in disk files, tnd

pmm_ly for reerieving mb-obje_ of objects stored in
disk file, (ante data objem m,y be ltrge).

After these _ are implemented, VIS-AD

will be • powerful earth scieace data manager, in addition
to its original role for visualifing the behavior of scientific

algesieum.
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